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Abstract. Stroke can have different clinical characteristics and consequences, with unequal disability and outcome, 
thus demanding individual approach, specific skills and general knowledge. Treatment of stroke has significantly 
improved during the last twenty years, mainly because of clinical and experimental studies, adequate medicamentous 
therapy, and the use of new technologies as well. Use-dependent rehabilitation strategy includes repetitive training 
with proper adjustment of the program. Other rehabilitation practices should also be incorporated, such as self-care, 
recreation, and home-based activities. Motivation of the patients, improving quality of life, functional independence, 
activities of daily life are crucial. Holistic approach means that the patient as a whole should be considered and 
treated. Scientific evidence is sufficient to confirm the necessity of physical rehabilitation of patients after stroke in 
order to achieve the optimal results. Current evidence on the effect of physical therapy in stroke rehabilitation is 
presented. 
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Introduction 

 
Stroke represents  non-traumatic injury of the brain, 
induced by occlusion or rupture of cerebral vascular 
supply causing neurologic deficit, mainly damage of 
motor control, sensation, cognition, disequilibrium, and 
sometimes leading to coma. Proposed modern term in-
stead of stroke is cerebrovascular accident [1,2]. 
Stroke is the fourth leading cause of death after heart 
failure, cancer, and lower respiratory tract diseses. Cer-
ebrovacular disease is the most important cause of long 
term disability. Stroke mainly affects older individuals, 
with about 70% of stroke occurring in persons over 65 
years, but it can also occur in children [1,2]. 
Different vascular pathologic factors cause stroke. 
Ischemic brain damage, whether thrombotic or embolic, 
predominates with approximately 85%, while intracra-
nial hemorrhage represents about 15% of all strokes. 
Clinical stroke syndromes and consequent impairment 
and disability are based on affected artery. 
Predominant causes of stroke are: atherosclerosis, 
hypertension, smoking, hypercholesterolemia, diabetes 
mellitus, and other factors. Non-modifiable risk factors 
are age, sex, previous stroke, and race. Sedentary way 
of life predisposes to cardiovascular disease and stroke. 
When stroke affects the left hemisphere language, com-
prehension and communication can be seriously dam-
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aged, while stroke in the right hemisphere alters intui-
tion, solving, reasoning, judgment and vision. Cognitive 
problems after stroke are often inadequately addressed, 
though they are the most important predictor of profes-
sional inability. Older patients with stroke often have 
bigger motor and cognitive affection due to reduced 
brain vessel density and ischemia [13]. 
Certain gender differences were noted concerning 
outcome of stroke. Women exhibit greater disability and 
have a lower rate of full recovery than men. However, 
age and psychosocial adjusment tend to be more influ-
ential than gender itself. 
The first six hours and emergency medical manage-
ment in acute stroke unit are crucial for treatment of 
stroke. This is followed by further diagnostic evalua-
tion, stroke prevention, and rehabilitation [4,5]. 
Rehabilitation of Stroke  
Neuroplasticity is defined as the ability of central nerv-
ous system to remodel after injury. Indeed, adaptive 
plasticity of adult brain after damage was confirmed. 
Both basic and clinical studies have confirmed that re-
habilitation must accompany any other medical or sur-
gical intervention in treatment of stroke. 
Functional recovery after stroke can be improved 
using different sensorimotor techniques, such as: 
strengthening, balance training, postural control, and 
improving range of motion. Brunnstrom early move-
ment technique, Bobath neurodevelopmental technique, 
proprioceptive neural facilitation, and task-oriented ap-
proach have traditionally been used, but without suffi-
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cient evidence and proof of better results of one tech-
nique over the other [68]. 
Upper limb rehabilitation after stroke can produce 
significant improvement, with adequate compensatory 
strategies and promotion of recovery of the limb. Con-
straint-induced movement therapy (CIMT) is based on 
the fact that patients with upper extremity loss are more 
dependent on unaffected arm, with negative feedback. 
Repetitive movements, reacquisition of skills and corti-
cal reorganization are included in CIMT. The original 
and modified CIMT were investigated in clinical trials 
that showed improvement of motor control and func-
tional skills. EMG triggered neuromuscular electrical 
stimulation (NMES) is adequate for stroke rehabilita-
tion, since some clinical studies have confirmed im-
provement of motor function and better activity of af-
fected hand [9]. 
Lower limb rehabilitation after stroke was primar-
ily performed using body weight-supported treadmill 
training (BWSTT). The aim is to make step movement 
of the limb and to ameliorate bipedal walking. Many 
repetitions that are needed, increased weight bearing 
and action of two therapists pose limitations to this 
technique. Also, clinical studies have confirmed that 
BWSTT is also beneficial for  cardiovascular fitness of 
stroke patients. 
New technologies, such as robotic-assisted training, 
were used and studied for rehabilitation of upper and 
lower extremities after stroke. The advantages are: in-
duced passive or assisted movements, tactile feedback 
and skill acquisition and easy repetition of movements. 
Further studies on robotic-assisted training are needed, 
particularly for rehabilitation of finger movements after 
stroke. Transcranial magnetic stimulation, cortical brain 
stimulation, and neuronal transplantation were applied 
in clinical studies, and autologous marrow stromal cells 
in preclinical trials were used, all with good results [10]. 
Spasticity increases motor impairment and disability 
after stroke through an increase of tonic stretch reflexes. 
Treatment of spasticity includes exercises and botuli-
num toxin injections. Daily exercises, application of 
static resting splints prevents contractures. Botulinum 
toxin is particularly effective and repeatable.  
Cognition, language, and communication difficul-
ties after stroke are frequent. Certain spontaneous re-
covery after stroke is expected, while aphasia tends to 
recover much slower. Rehabilitation is focused to im-
proving speaking, understanding, reading, and writing, 
as well as developing compensatory techniques. Many 
treatment options exist for rehabilitation of aphasia [11]. 
Dysphagia after stroke is treated using compensa-
tory mechanisms. Percutaneous gastrostomy has been 
used successfully in store patients with severe dysphagia. 
Pain syndromes, and particularly shoulder pain, are 
frequent complains after stroke. Neuromuscular electri-
cal stimulation (NMES) of affected muscles reduced 
pain, and improved activity of daily life.  
Control of bladder and bowel can be altered after 
stroke. The treatment includes timed voiding, and ade-
quate medication based on urodynamic tests, or even 
intermittent catheterization in some cases. 
Psychosocial changes after stroke include: sadness, 
anxiety, depression, anger, frustration, confusion, and 
other. Coping with these problems is essential in reha-
bilitation program, so motivation, counseling, and sup-
port are used [12,13]. 
Medical comorbidities in stroke are numerous, fre-
quent, and potentially devastating. Venous thromboem-
bolism, pneumonia, hypertension, heart failure, diabetes 
mellitus, malnutrition, and psychological deconditioning 
are the most important and should be treated adequately 
[14]. 
Organization and Levels of Rehabilitation 
Instead of classical treatment programs in inpatient and 
outpatient ward, recent stroke rehabilitation is organized 
as a continuum according to current patients demands 
that change over time. This resulted in significant im-
provement of overall results of rehabilitation. Healthcare 
system, community resources, and patient’s medical 
condition and motivation are important for the optimal 
result [15,16]. 
Early stroke rehabilitation prevents prolonged bed 
rest and complications. Exercises in bed, gait training, 
activities of daily life are executed. Early rehabilitation 
was more influential on the outcome than the duration 
of rehabilitation, as found in meta-analyses.   
Acute hospital rehabilitation is a team program in-
cluding doctors, nurses, and equipment. It is essential 
that a patient can tolerate treatment for three or more 
hours per day. 
Long-term acute rehabilitation is indicated for 
persons with prolonged complex disease. Adequate res-
piratory care, nutrition, and medical treatment are  ap-
plied as long as needed. The intensity of treatment and 
specific demands are organized according to the toler-
ance of the patients. 
Outpatient day rehabilitation includes the same 
rehabilitation program without hospital stay. Medical 
stability and social support are mandatory. 
Outpatient rehabilitation is centered to single-mo-
dality training provided by physical, occupational and 
speech-language therapist as well. 
Home therapy is the most familiar and appropriate 
environment for the patient and physical therapy. Sta-
bility of medical condition and sufficient social support 
enable home rehabilitation. 
Specialized equipment, such as: adapted feeding de-
vices, bathing equipment, dressing and walking devices 
assist patients to become more independent and have 
better performance. They are included depending on the 
level of functional activity [17,18].  
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Outcome of Rehabilitation 
Data from medical references on the effect of physical 
rehabilitation after stroke are numerous, but they are 
difficult to interpret adequately, because of used meth-
odology, samples, different rehabilitation programs, and 
outcome measures. Outcome can be measured by: mor-
bidity, mortality, impairment, hospitalization, functional 
consequences, and quality of life. The insufficient num-
ber of randomized studies for rehabilitation of different 
diseases was mentioned in the Report of Disability pub-
lished by the World Health organization [19]. 
Analysis of patient’s condition and improvement in 
post-stroke rehabilitation should be presented longitudi-
nally in order to better document and compare the re-
sults of treatment. Such longitudinal follow up was 
found in only one third of the studies in the literature, 
while others are mainly cross sectional studies, often 
without mentioning the dynamics of changes. All the 
studies emphasize that physical therapy after stroke re-
sults in improvement of physical performance, func-
tional status, and quality of life. Independence can be 
obtained by most of the patients, ranging from 65% to 
85%, with less favorable social and professional results, 
ranging from 45% to 65%. The most prominent aspects 
with improvement are: locomotion, mobility, self-care, 
and sphincter control. Communication and social cog-
nition are improved to a smaller rate [19,20]. 
Predictors of outcome are numerous, and include: 
severity and type of impairment, cognitive factors, 
comorbidity, social support, and type and quality of 
rehabilitation. The list of influential factors is long: age, 
education, type, severity, and location of stroke, previous 
stroke, heart failure and other comorbidities, dementia, 
presence of coma, cognition, language, balance, bowel 
and bladder function, depression, motivation, support, 
and others. However, it is difficult to apply numerous 
data on prediction factors to each individual patient with 
stroke. Documentation of certain factors that are present 
is very important, but clinical implications are complex. 
Also, stoke can impede different aspects of physical, 
cognitive, emotional, and vocational functions. 
Control group, without therapy, for the studies of 
stroke rehabilitation is mandatory for randomized con-
trolled trials, but this is impossible and unethical. On the 
other side, many other factors (motivation, support, 
adaptability, etc.) can influence the effect of rehabilita-
tion. Individuality and diversity of factors makes them 
difficult to compare and divide into clinical groups. 
Spontaneous recovery is also uneasy to differentiate 
from rehabilitation results. Variability in stroke recov-
ery is a  well-known fact. It depends on initial severity 
of hemiparesis, age, location and site of infarct, stroke 
type, nonmotor parameters, and impairment in the first 
72 hours [21,22]. 
The first randomized controlled trial of stroke reha-
bilitation was published in 1980. Ever since that, the 
studies have been documenting the improvement 
achieved by physical therapy of stroke. Statistically sig-
nificantly better functional independence and outcome 
were universally reported. Treatment in stroke rehabili-
tation unit produced less mortality, earlier discharge and 
better functional scores. 
Meta-analyses confirmed that focused stroke reha-
bilitation is significantly better than other groups, par-
ticularly for mobility, personal care, and perception. Also, 
home based physical therapy was found effective to 
improve the outcome. The most important contribution 
of all the studies performed on stroke rehabilitation is 
that they emphasize certain clinically important aspects 
for proper rehabilitation programs. They have con-
firmed the importance of focused personal care, mobil-
ity training, team work, and education of patients and 
families [22,23]. 
More than 1000 randomized controlled trials have 
been published concerning stroke rehabilitation. The 
best period for the studies is the first days after stroke, 
since this is when spontaneous biological recovery hap-
pens. However, most of the studies are conducted more 
than 6 months after the stroke. Better standardization of 
terms used for recovery, the differences between the 
experimental and control arms, precise definition of 
usual and standard care are needed to improve the relia-
bility of conducted studies of post stroke rehabilitation 
[2427]. 
Randomised controlled trials indicate that early 
supported discharge (EDS) after stroke with continued 
rehabilitation program at home gives good results, pri-
marily in reduced dependency. At home, patients are 
instructed to problem solving skills, supported in daily 
activities, and assisted in achieving the previous activi-
ties. This is realized through professional visits of 
physiotherapists, and other included professionals of the 
team. EDS demands adequate organizational changes, 
defining desired performance to be achieved. Increased 
capacity to solve problems improves patients’ self-
efficacy and independence. Studies have also confirmed 
cost reduction with implementation of EDS [28]. 
Management of medical demands, change of be-
havior of life, treatment of emotional consequences of 
stroke are the mainstay of support and self-management 
of patients. Solving problems, making adequate deci-
sions, use of resources, proper relationship with the 
medical team, and feedback are dominant aspects of 
post-stroke support. 
Multidisciplinary health care team in recovery 
after stroke has now significantly improved the treat-
ment and outcome of stroke patients. Stroke unit care 
and thrombolysis have reduced acute morbidity and 
mortality, but long term consequences of stroke are fre-
quent, and deserve individual, permanent and team ap-
proach. Interdisciplinary teamwork adds the group ef-
fort and responsibility to each individual task in -
planning and treatment of stroke. Hospital stroke team 
consists of neurologists, physiotherapists, occupational 
therapists, speech and language therapists, nurses, and 
others. Cochrane review indicates that such team ap-
proach improves the results of treatment of stroke. 
Physical therapy of stroke effectively improves function 
and mobility, however, it is not determined which ap-
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proach gives the best result. Early supported discharge 
reduces the length of stay, and according to systematic 
Cochrane review adds to activities of daily life of stroke 
patients. Long term rehabilitation support of patients 
with stroke is essential for further improvement of 
outcome, independence, and active life [29]. 
Physical exercise was applied in stroke patients 
aiming to document physical dysfunctions, improve 
motor performance, and prevent further damage. Refer-
ences prove the importance of physical training for 
physical independence, quality of life, and reduction of 
cardiovascular complications.  
Physical training improves cerebral angiogenesis, 
vasomotor reactivity, reduces apoptosis and activates 
motor unit. Also, pre-stroke physical activity can im-
prove recovery with decreased brain damage and better 
motor outcome. It also reduces the initial stroke sever-
ity, edema, infarct volume, inflammation, metabolic 
disorders. Preventive effects of pre-stroke physical ac-
tivity (both walking 1h/day/5 day per week, or vigorous 
aerobic activity) are documented by better functional 
outcome, milder severity, and better motor improvement. 
Both animal and human researches have docu-
mented positive effect of acute exercise on muscle acti-
vation regulation in cerebral ischemia. Decrease of mo-
toneuronal recruitment from spinal and supraspinal 
tracts, and increase of cortical activation of the unaf-
fected side, with the decrease on the affected one, con-
firm compensatory neural process. 
Chronic exercise after stroke was more extensively 
studied. Literature clearly states that physical therapy is 
the first line intervention for reduction of chronic disa-
bility after stroke. Treadmill training in early phases 
after stroke induces neuroplasticity through influence on 
brain vasomotor function, angiogenesis, neurotrophic 
factors, apoptosis and inflammation. Adequate brain 
oxygenation is essential for decreasing volume of cere-
bral infarct, and for less functional damage. Regeneration 
of striatonigral and corticonigral projections in ischemic 
brain, increased mitochondrial biogenesis, and improved 
cholinergic homeostasis were found after intensive 
treadmill training in stroke. All these processes lead to 
reduced muscle fatigue, improved walking speed and 
endurance. Overall better sensorimotor functions are 
directly correlated to the increase of aerobic capacity. 
Volume, intensity, frequency, and timing of training 
directly affect proper neuroplasticity and recovery. Early 
intense training in the first 24 hours is not recommended. 
More intense exercises after stroke led to better recovery, 
but the influence of intensity of training on neuroplastic-
ity in stroke is insufficiently studied [3034]. 
The combination of exercise and medicaments is es-
sential for functional outcome after stroke. Indometha-
cin, D-amphetamine, S-nitorogluthatione, and others 
exhibited neurovascular protective effect after cerebral 
ischemia in preclinical trials. Clinical significance of 
these medicaments combined with training is to be con-
firmed in clinical studies.  
Published studies confirm that aerobic training im-
proves cardio respiratory fitness, functional recovery, 
endurance, and quality of life after stroke. Also, aerobic 
training reduced cognitive dysfunction, promoting neu-
roplasticity in post-stroke period. Such increased brain 
plasticity produces better executive functions and long 
term memory. New brain imaging technologies have 
documented the increase of both white and gray matter, 
better synaptic connections, and brain activation pat-
terns after aerobic training. Functional Magnetic Reso-
nance Imaging (fMRI) confirmed increased activation 
of brain regions for attention control and inhibitory 
functioning, while activation was reduced in behavior 
conflict regions. Neuroplasticity improved by aerobic 
training was further documented using measurement of 
circulating neurotrophic factors (brain derived neu-
rotrophic factor, insulin-like growth factor-1, and vas-
cular endothelial growth factor). However, the exact 
influence of circulating growth factors on cognition in 
older persons is now unclear [35,36]. 
Only three clinical studies concerning the influence 
of aerobic training on cognitive functions after stroke 
were published. Two out of three studies found amelio-
ration of cognitive dysfunction with better functional 
results, motor learning, and speed of information pro-
cessing. On the other side, eight weeks after training, 
the long-term preservation of achieved results was ab-
sent. Patients with stroke, opposite to healthy persons, 
did not exhibit improvement of cognitive functions. 
Aerobic training combined with other exercises in 
rehabilitation of stroke was also studied. The addition of 
muscle strengthening techniques of lower extremities 
improved attention, executive functions and voluntary 
motor control. Combination of aerobic exercises with 
stretching, balance and task-specific practice resulted in 
better verbal memory and flexibility of cognition, with-
out influence on executive functions. Aerobic and be-
havioral training improved cognition, but without total 
recovery [35,36]. 
Few combinations of aerobic training and pharma-
cological treatment (memantine, citicoline, recombinant 
tissue plasminogen activator, S-nitrosoglutathione) im-
proved motor recovery after stroke, but for cognitive 
function the results were less efficient. Promotion of 
cognition was more efficient when low-intensity aerobic 
exercises, starting one week after stroke, were applied. 
Cognitive and motor functions in stroke patients 
must not be considered independently. Complex cogni-
tive functions and sensorimotor control show complex 
interaction in the process of learning and control of spe-
cific movements. This fact is even more important for 
older persons, since functional brain reactivation makes 
motor and cognitive functions more interrelated.  
Aerobic capacity is best ameliorated using moderate 
continuous aerobic training, with several 30-60 minutes 
of exercise sessions per week, and 40-80% of the 
maximal heart rate reserve. Training with higher inten-
sity could increase aerobic fitness, and oxygen uptake. 
Muscular and cardiovascular adaptations were improved 
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when high intensity interval exercise (repeated intense 
training with active or passive rest) was administered. 
Forced treadmill exercises were proven superior to other 
types of training. Rehabilitation program in subacute 
post stroke period also reduced the complications of 
prolonged inactivity.  
So, current recommendations for application of aero-
bic exercises are based on the effect on cardiovascular and 
motor functions, and not on cognitive functions. Thus, 
there is no standard recommendation for exercises con-
cerning recovery of cognitive functions after stroke 
[37,38]. 
Self-management support after stroke is important 
for reducing chronic disabilities. It includes all activities 
one has to perform in order to efficiently manage the 
long-term management of stroke effect on the person 
and his family. Meta-review of literature has confirmed 
the important impact of stroke on self-image, and dif-
ferent support needed in the whole period of post- 
stroke rehabilitation and recovery. The following rec-
ommendations were made according to these facts: the 
support for stroke patients need to be changed according 
to the stage of recovery; collaboration of health care 
professionals enable adequate decisions of patients in 
different stages of stroke recovery; individual psycho-
logical, emotional and behavioral support from the start 
to adaptation, social reintegration, and developing skills 
is needed; social groups of patients and supporting per-
sons should be conducted [39]. 
Powered robotic exoskeletons represent a new 
technology aimed to improve walking with lower ex-
tremity weakness. Early conventional physical therapy 
of walking after stroke improves speed and endurance, 
but it is very demanding for the therapists. Exoskeletons 
reduce the need for physical strain, and also enable 
repetitions. Treadmill-based robotics was also devel-
oped leading to improvement of walking after stroke, 
but without change in speed and endurance. Current 
clinical studies explore safety and efficiency of exoskel-
etons for gait in subacute and chronic stroke, with more 
convincing results in the sub-acute phase [40,41]. 
Virtual reality (VR) is a technology generated by  
the computer with interaction with a user, enabling pre-
cise movements using sensorimotor feedback. Recent 
studies have confirmed effectiveness of VR in stroke 
rehabilitation, especially for gait and balance. More 
flexible software and individualized treatment are needed. 
VR enables acquisition and retention of motor skills 
through repetitive, defined, motivating task specific 
training. Current metacentric studies of VR in stroke 
rehabilitation are limited, mainly because of study de-
signs and small sample size [4245]. 
Noninvasive brain stimulation (NIBS) facilitates 
neuroplasticity. Transcranial magnet stimulation (TMS) 
and transcranial direct current stimulation (tDCS) are 
commonly used for noninvasive brain stimulation. The 
use of NIBS  demands meaningful rehabilitation program 
that is task specific. It should be applied with other pro-
cedures that promote neuroplasticity, such as body weight 
support treadmill training, functional electric stimulation 
of the lower limb and bio feedback. Adequate timing of 
NIBS during a gait cycle is mandatory. Important ques-
tions for adequate use of NIBS are: which hemisphere 
should be stimulated, location and extent of stimulation, 
and individualization of treatment. Because of high indi-
vidual variability of patients to NIBS customized stimu-
lation is recommended. Furthermore, genetic and imaging 
biomarkers to predict outcome, and definition of target 
sites should be clarified in the future [46]. 
Functional MRI has confirmed that motor recovery 
of paretic limb after stroke is associated with hyper ac-
tivation in different brain areas, such as contralesional 
hemisphere and subcortical structures. Mental practice 
is internal stimulation created by auditory, visual, tac-
tile, or  kinesthetic stimulation without movement. Men-
tal practice and physical therapy are used in post-stroke 
rehabilitation [47]. 
Sleep problems in stroke are frequent and multifac-
torial, sometimes reducing acute recovery with longer 
hospitalization, fatigue, demotivation, and sedentary life 
style. Sleep is also of primary importance for neuro-
plasticity and memory consolidation. Transcranial di-
rect current stimulation (tDCS) for sleep disorders 
after stroke is a safe technology that alters brain plastic-
ity, modifies neuronal activity, delivering a weak elec-
tric current (1-2 mA). Both anodal and cathodal tDCS 
are used. One randomized study confirmed that anodal 
tDCS produced performance gains in the paretic hand. 
Studies that analyzed motor rehabilitation program 
combined with tDCS indicate additional improved mo-
tor outcomes. Further studies are needed. Individual 
variations caused by mental health status, motivation, 
and many physical factors, such as fatigue, significantly 
influence the outcome of use of tDCS [4850]. 
In conclusion, scientific evidence is sufficient to 
confirm the necessity  for physical rehabilitation of pa-
tients after stroke. It represents the cornerstone during 
the early phase and continues throughout the whole post 
stroke period. 
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